Aim: Neonatal sepsis is an important cause of mortality and morbidity in newborns. The causative agents may be different in different units and may change in time. It was aimed to examine the microbiological agents leading to sepsis, clinical features and antibiotic resistances in babies with sepsis hospitalized in our unit in a two-year period.
Introduction
Neonatal sepsis is an important cause of mortality and morbidity both in developed and developing countries (1) . The gold standard in the diagnosis of sepsis is isolation of the pathogen in one or more blood cultures. However, it is not easy to grow the pathogenic microorganism in culture in all cases because of many reasons. Therefore, assistive diagnostic methods based on clinical and laboratory findings have been recommended in addition to blood culture for the diagnosis of neonatal sepsis (2, 3) . The frequency of neonatal sepsis varies in different studies depending of the diagnostic methods used. Risk factors and the type of the microorganism causing sepsis and its resistance against antimicrobial agents are the most important factors which affect the prognosis. These factors may be different in each unit or may show variance in the same unit in time.
Accurate demonstration, monitoring and evaluation of these factors is important in terms of improving the prognosis and preventing mortality and sequelas.
In this study, we aimed to examine the babies who were born in our hospital between the years 2010 and 2011 and diagnosed with sepsis in our neonatal intensive care unit in terms of frequency, etiological agents, agent microorganisms and antibiotic resistance and to determine the effect of these factors on prognosis.
Material and Methods
The study was conducted with patients who were followed up in our neonatal intensive care unit and diagnosed with sepsis according to the clinical and laboratory findings. Blood and urine cultures were obtained from all patients and cerebrospinal fluid (CSF) samples were obtained if there was no contraindication. C-reac-tive protein (CRP) and procalcitonin were studied. Chest x-ray was performed in patients who had respiratory system symptoms. Presence of rupture of membranes 18 hours before delivery was considered premature rupture of membranes (PROM) (4) . A platelet count below 150 000/mm 3 was considered thrombocytopenia (5). In patients in whom antibotic treatment was initiated, treatment was continued until the culture results were obtained. Among the microorganisms grown in culture, the gram positive ones with meticillin resistance and the gram negative ones which were sensitive to only meropenem, sefaperazon-sulbactam and ciprofloxacin were considered to have multiple antibiotic resistance. The patients who died in seven days after the diagnosis of sepsis and had no other cause were considered as being died because of sepsis. The patients who were found to have any condition (renal failure, pneumothorax etc.) as the cause of death other than sepsis were classified in the group "mortality due to other causes". Approval was obtained from the ethics committee of our hospital for the study (10.09.2012-17645) .
Statistical analysis
The descriptive analyses were expressed as mean and standard deviation for variables with a normal distribution. The numerical data of more than two groups with a non-homogeneous distribution were compared using Kruskal Wallis test. In paired comparison of the variables for which a difference was found, Mann Whitney U test was used and the significance was evaluated using Bonferroni correction. Crosstabs were prepared for the categorical variables and chi-square test was used in comparison. A p value of <0.05 was considered significant.
Results
Among 3 291 babies internalized in our unit between January 2010 and December 2011, a total of 351 patients (169 (48.1%) females and 182 (51.9%) males) diagnosed with sepsis were included in the study (Figure 1 ). The mean gestational age of the patients was found to be 30.1±4.1 weeks, the mean birth weight was found to be 1417.4±759.1 g and the mean hospitalization time was found to be 43.6±34.4 days. The gestational weeks, birth weights, status of parenteral nutrition and supportive ventilation treatment, procalcitonin levels, hemograms and total hospitalization times of the patients are shown in Table 1 . Congenital anomaly was not found in any of the patients. PROM was found in 61 of the patients (17.3%), central catheter was found in 164 (46.7%), parenteral nutrition was found in 318 (90.6%), mechanical ventilation was found in 250 (71.2%), CPAP was found in 189 (53.8%), meningitis was found in 64 (18.2%) and ventilator-related pneumonia (VRP) was found in 42 (12%). A diagnosis of early sepsis was made in 142 patients (40.5%) and a diagnosis of late sepsis was made in 209 patients (59.5%). 7 (22.2%) babies were lost. 24 of these babies (30.8%) were lost because of sepsis and 54 (69.2%) were lost because of causes other than sepsis. The features and post-hoc analyses of the babies who died because of sepsis (n=24), who died because causes other than sepsis (n=54) and who were discharged (n=273) are given in Table 1 . Growth was positive in blood in 167 patients (47.6%), in urine in 6 patients (6.5%) and in CSF in 34 patients. The microorganisms grown are shown in Table 2 . Fourty nine point six percent (n=63) of the gram positive bacteriae and 60% (n=21) of the gram negative bacteriae were resistant to antibiotics. Six percent (7.1%) of the patients infected with these bacteriae were lost. Candida was grown in blood in five patients (two early and three late sepsis). The microorganisms grown in cases of early and late sepsis are shown in Table 3 . The mortality rates by microorganims are shown in Table 4 .
Discussion
In studies conducted in Western countries, the most commonly isolated agent in early-onset sepsis is group B streptococci (GBS). This is follwed by gram (-) bacilli and staphylococci (6) . In contrast, the most commonly isolated agents in early-onset sepsis in our country include gram (-) bacilli and staphylococci (7) . In patients with a diagnosis of late-onset sepsis, the most commonly isolated agents include staphylococci (primarily coagulase negative staphylococci (CNS), secondarily S.aureus). This is followed by gram (-) bacilli. The least frequently isolated agents include GBSs (8) . In the study of Gürsu (7), gram (-) bacilli, staphylococci and candida were isolated with the rates of 52.9%, 41.1% 5.9% respectively in the cases with early onset sepsis. Staphylococci were isolated with a rate of 75% and gram (-) bacilli were isolated with a rate of 16.6% in cases of late onset sepsis. In the study of Topuz (9), staphylococci, gram (-) bacilli, GBS and streptococcus spp. were isolated in order of frequency in cases of early onset sepsis and staphylococci and gram (-) bacilli were isolated in order of frequency in cases of late early onset sepsis. Candida albicans was isolated only in one patient with late onset sepsis. In the study of Payaslı (10), the most commonly isolated microorganism in blood culture was CNS (17.5%). This was followed by Klebsiella oxitoca with a rate of 10% and Klebsiella penumoniae with a rate of 5% and GBS were grown only in one patient (2.5%). GBS which are the most common agents in early sepsis in developed countries, were found to (20) be in the third rank in our study similar to the studies conducted in our country, whereas staphylococci were in the first rank in our unit in both early and late sepsis.
In premature newborns, the risk of sepsis and sepsis-related mortality increase as the birth weight decreases (11) . In our study, it was found that the mortality rate was significantly high below 1000 g of birth weight. The rate of discharge is 63,7% below 1000 g, while it increases to 85% above 1000 g. In the study conducted by Vesikari et al. (12), low birth weight was found to be correlated with mortality rate in neonatal sepsis and mortality related with sepsis was found to be 67% in babies with a birth weight below 1 500 g, 28% in babies born with a birth weight of 1 500-2 500 g and 10% in babies born with a birth weight above 2 500 g. In the study of Gürsu (7), the mortality rate was found to be 24.3% in preterm newborns and 16.1% in term newborns. The mortality rate was found to be 50% in newborns with sepsis with a birth weight of <1 500 g, 23.8% in the ones with a birth weight of 1 500-2 500 g and 18.2% in the ones with a birth weight of >2 500 g. In the patients in the sepsis group born with a birth weight of ≥2 500 g after the 38 th gestational week, the birth weight and gestational week were found to be significantly lower compared to the control group. In the study of Topuz (9), the mean gestational age was found to be 31.17±3.86 weeks, the mean birth weight was found to be 1619.76±695.99 g in the sepsis group and no significant difference was found between the sepsis and control groups in terms of prematurity and low birth weight. In the study conducted by Yancey et al. (13) , prematurity was found to be correlated with neonatal sepsis. In our study, the birth weight was found to be lower in the patients who died because of sepsis compared to the patients who were discharged. In these patients, the gestational week was also younger, though not statistically significantly. This suggests that low birth weight in neonatal sepsis is an important risk factor in terms of mortality rate.
In neonatal sepsis, the mortality rate is higher in early-onset sepsis compared to late-onset sepsis (1). In the study of Gürsu (7), the mortality rate in neonatal sepsis was found to be 20% and the mortality rate was found to be 21.4% in the patients with early-onset sepsis and 18.8% in the patients with late-onset sepsis, but the difference was not significant. In our study, the mortality rate was found to be higher in the patients with early-onset sepsis compared to the patients with late-onset sepsis.
While the probability of sepsis is about 1% in the newborns whose mothers have (+) PROM, this rate increases to 4-6% in preterm newbors in presence of PROM (14) . In the study of Gürsu (7), no statistical significance was found between the sepsis group and control group in terms of PROM (5). Umbilical catheterization for longer than 5 days, MV for longer than five days, NEC, a birth weight of 2 500 g and lower, use of nasogastric tube, total parenteral nutrition (TPN) and being referred from another hospital were found to be correlated with neonatal sepsis (15) . In our study, PROM was positive in 17.4% of the patients, central catheter was inserted in 46.7%, TPB was administered in 90.6%, MV was used in 71.2% and CPAP was used in 53.8%. These rates were similar to the rates found in other studies.
Mechanical ventilation and parenteral nutrition are the main risk factors for late-onset sepsis. Hence, the study conducted by deSouza Rugolo et al. (16) found that use of central venous catheter, mechanical ventilation, parenteral nutriton and the time of first feeding were independent risk factors for late-onset sepsis in very low birth weight babies. In our study, it was demonstrated that the durations of mechanical ventilation and parenteral nutrition were significantly long and the duration of CPAP was not significant in the patients who died because of sepsis. On the other hand, Hornik et al. (11) reported that use of mechanical ventilatione on the first day was a risk factor for early sepsis, but not for late sepsis. In the same study, gestational week, male gender, Apgar score in the 5th minute and prenatal steroid and antibiotic usages were reported to be risk factors for early and late sepsis.
In the diagnosis of sepsis, neutropenia is more significant than increased white blood cell count and indicates poor prognosis. In our study, the neutrophil count was found to be lower in the babies who were lost because of sepsis compared to the other babies.
In the study of Topuz (9), the platelet count was found to be significantly low in the study group and it was concluded that the platelet count may be significant in the diagnosis of sepsis (7) . In the study of Payaslı (10), thrombocytopenia was found in 9 (22.5%) of 40 patients in the sepsis group. In our study, thrombocytopenia (<150 000/ mm 3 ) was found in 47.6% of the patients which indicated the significance of thrombocytopenia in sepsis. This finding supported the findings of Topuz (9). C-reactive protein (CRP) is an acute phase reactant which is used very frequently in the diagnosis of neonatal sepsis (17, 18) . CRP release starts 4-12 hours after the onset of the infectious event, peaks in the 24th-60th hour and its amount decreases when infection regresses (19, 20) . In this study, no correlation was found between CRP and prognosis.
It has been demonstrated that bacterial endotoxin (lipopolysaccharide) is the most strong stimulus which provides procalcitonin production (21) . Viral diseases, autoimmune diseases, oncologic diseases and local and limited infections do not cause an increase in procalcitonin level. Therefore, procalcitonin is used mostly to differentiate bacterial and non-bacterial diseases. In addition, serum procalcitonin levels have been found to be increased in sepsis, bacteriemia, meningitis and fungus infections which cause severe systemic infection (22) . A persistently increased or increasing procalcitonin level indicates that the disease activity continues and the prognosis will be poor. A decreasing procalcitonin level indicates that treatment is effective and the prognosis may be good (21) . In our study, the procalcitonin levels of the babies who were lost because of sepsis were found to be higher compared to the ones who were discharged in accordance with these data.
In conclusion, it was found that newborns with sepsis had low birth weight and low gestational age. Early onset sepsis was correlated with mortality to a greater extent compared to late onset sepsis. Coagulase negative staphylococci were the leading agents among the agents causing sepsis. It was found that procalcitonin was efficient in indicating the prognosis in neonatal sepsis. In addition, thrombocytopenia and neutropenia were found to be correlated with poor prognosis. It was demonstrated that mechanical ventilation and parenteral nutrition were significant risk factors for mortality related with sepsis.
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